stablishment of a stroke unit (SU) for the care of patients admitted with acute stroke is one of the most important advances in the treatment of cerebrovascular diseases. [1] [2] [3] [4] [5] [6] [7] The Cochrane review of randomized controlled trials have shown that establishment of SUs decrease both death and dependency. 3 Also, care in an SU results in an improved outcome irrespective of age or sex of the patient, 4 stroke subtype (including hemorrhage) or severity of the insult, 4, 6 and whether the unit has advanced monitoring equipment. 3 Although some studies suggest that the length of stay (LOS) in hospital is not reduced, 7 others suggest that LOS may be significantly reduced in admission to SUs. 8 All guidelines, including American, 9 Canadian, 10 and European, 11, 12 strongly recommend that stroke patients be treated in SUs. The critical components of an inpatient SU includes that it be a geographically defined hospital unit where patient care is provided by a multidisciplinary team that exclusively manages stroke patients. 3 Although the evidence for the establishment of SU is compelling, the majority of stroke patients are unfortunately not admitted to such units worldwide. The most recent American Heart Association guidelines 9 mention that ≈25% of acute stroke patients have worsening within 24 to 48 hours of the event and recommend that all patients should be admitted to stroke or neurocritical care unit. Interestingly, even at centers with SUs, majority of the patients were treated outside the SUs. 13 It has been suggested that in an optimal model of an SU, 80% of hospitalized patients would receive at least part of their care in an SU; a goal that is rarely met in most countries.
14 Access of acutely ill stroke patients to an SU is even more challenging in lower-and middle-income countries with limited published data. 15 The primary objective of this study was to examine whether establishment of a multidisciplinary stroke ward (SW) and implementation of stroke protocols at a large tertiary care hospital in Qatar would lead to better patient outcomes. With 80% of its population being males, the average age of stroke patients is relatively low when compared with patients globally, and majority of the patients present with small vessel diseases and have a history of diabetes mellitus. 16 We compared the rates of complications, LOS in the hospital, and mortality rates in patients admitted to the hospital before and after implementation of the stroke protocols and establishment of the SW.
Methods
This is a retrospective study of patients admitted to Hamad General Hospital (HGH) from January 1, 2014, to February 15, 2015 . The data were collected as part of a hospital-based stroke registry. HGH is a Joint Commission International-accredited hospital with 600 beds where 200 beds are reserved for medical patients. It is the only tertiary care medical facility in Qatar where the neurology and stroke services are located. More than 95% of all strokes in Qatar that require admission to a hospital are admitted to HGH. The stroke program, also certified by Joint Commission International, is a consultation service responsible for evaluation of all stroke patients admitted to the hospital. All patients are admitted via the emergency department (ED), and 51.5% were transferred via the ambulance emergency medical service. HGH is equipped with all necessary laboratory, neuroradiological, neurosurgical, and other infrastructure needed to manage acute stroke patients and has a 24-hour thrombolysis service. Hyperacute stroke patients are seen in the ED by the neurology team, and decisions about thrombolysis and management are made on an urgent basis. All other acute stroke patients not requiring urgent evaluation are admitted under the medical team, and the neurology department is consulted in the ED before admission to the hospital.
Patient Characteristics
Patient characteristics, including age, sex, nationality, medical comorbidities, and prior medication, are collected into the HGH Stroke Registry. Data from emergency medical services, immediate ED care, door-to-computed tomography time, door-to-needle time (for thrombolysis patients), National Institute of Health Stroke Scale score (pre-and post-tissue-type plasminogen activator), tissue-type plasminogen activator complications, LOS in ED, LOS in SW, LOS in medical ward (MW), completed investigations, timing of investigations, neuroimaging data, poststroke complications, in-hospital mortality, and post protocol reasons for delay in transfer and disposition are entered into the HGH stroke registry. Outcome measures at the time of discharge and at 90 days with the modified Rankin Scale (mRS) and stroke classification are also collected.
Patient Disposition
Before March 2014 (Phase 1), patients with acute stroke were admitted to any of the 4 MWs on the general medical service and were cared for by internists. From March 9, 2014, SW was established at HGH. Initially, this comprised 8 beds, but this was increased to 12 beds in June 2014. Phase 2 began with the active SW operation at HGH in April 2014. During phase 2, all stroke patients admitted to the SW or the general MWs received acute care by a multidisciplinary team that included daily rounds by stroke neurologists.
The multidisciplinary team comprising stroke neurologists, clinical nurse specialists, stroke coordinators, nursing team trained in care of stroke patients, stroke-trained physical, occupational, speech, and language pathologists, and acute rehabilitation physicians all work together in the SW. The multidisciplinary team was trained specifically to follow stroke protocols in the management of admitted patients. The stroke protocol began immediately on admission and followed defined processes of care. Specific attention was paid to preventive measures to minimize the risk of aspiration pneumonia, bladder infection, venous thrombosis in the paralyzed extremities, and pressure ulcers. The nurses taking care of patients on the SW were given courses on best management strategies on stroke care, the need for early completion of investigations, initiation of therapy, and early patient mobilization. The stroke multidisciplinary team has daily meetings to review patient care. Approximately 75% of stroke patients are admitted to the geographically defined SW. The multidisciplinary team is also involved in the care of patients who are not admitted to the SW but in other MWs. Care protocols for best management, similar to the ones used in the SW, are also used for patients admitted to the general MWs. However, the patients are managed by nurses not specifically trained for stroke management.
The study data are compared in 3 groups. Group 1 consists of patients admitted to HGH before establishment of the SW and stroke protocols. Group 2 consists of patients admitted to the SW between April 2014 and February 2015, and group 3 consists of patients in whom the stroke protocols were used, but because of unavailability of beds in the SW, the patients were admitted to general MWs at the hospital. The admission to the SW or to the general MWs was random depending on the availability of beds. The first preference was always to have a patient admitted in the SW.
Data Collection and Analysis
All patients admitted through the ED were enrolled in the HGH Stroke Registry that was established in January 1, 2014 (Microsoft Office Excel 2007 Database). Trained stroke coordinators prospectively enter collected data in the stroke registry. Stroke patients are identified in the ED, and their data are entered into the registry after confirmation of diagnosis using the International Classification of Disease, 10th Edition, definitions (H34·1, I63.x, I64.x, I61.x, I60.x, G45.x).
Data Analysis and Statistics
Descriptive analysis in the form of mean and standard deviation and frequency with percentages were performed for continuous and categorical variables, respectively. Distribution of continuous variables was assessed before using statistical tools. Mean-level comparisons between phase 1 and 2 and between patients admitted to the SW or general MW were assessed using Student's t tests, and χ 2 tests were used to see significant association for categorical variables between the two. A P value of 0.05 (2-tailed) was considered significant. SPSS 21·0 statistical package was used for the analysis.
Results

Patient Characteristics
One thousand and three patients were admitted to HGH with a diagnosis of acute stroke and transient ischemic attack during the study period of 14 months. We excluded 132 patients who were admitted directly from the ED to the intensive care unit. Before the establishment of the SW, 175 patients had been admitted to the hospital between January and March 2014. From April 2014 to February 2015, 696 patients were admitted to the hospital (SW, 545; general MW, 151). The demographics regarding age, sex, risk factors, severity of stroke, type of stroke, and the mode of presentation to the hospital in the 3 groups are listed in Table 1 . The data related to LOS in hospital and prognosis is shown in Table 2 . The time taken to completion of investigations in the 3 groups is shown in Table 3 .
Reperfusion Therapy
There was no appreciable increase in the number of patients receiving reperfusion therapy with tissue-type plasminogen activator between the pre-and postprotocol introduction time period (5.7% in preprotocol versus 6.0% in postprotocol phase). There was a nominal improvement in shortening in
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the door-to-computed tomography time (<15 minutes) from 20% to 47.6% (P=0.11), whereas the door-to-needle time of <30 minutes also improved in the second phase of the study (40.5% versus 30.0%, P=0.54).
Complications and Outcomes
The decrease in complications after an acute stroke became evident immediately on implementation of the stroke protocols. Before introduction of the stroke protocol, aspiration pneumonia, pressure sores, and bladder infections were the most commonly recorded complications. Medical complications were seen in 56 patients (total events 92; Figure 1 ). intracerebral hemorrhage patients (13.3%) followed by ischemic stroke (6.6%) and transient ischemic attacks (2.2%) patients (P=0.001; Figure 2 ). Female patients were more likely to develop complications compared with males (10.2% versus 5.5%, P=0.023).The incidence of poststroke complications between protocols is shown in Figure 1A . There was a significant reduction in the incidence of medical complications (5.0% versus 10.9% %, P=0.013) between postprotocol SW versus MW after implementation of stroke-specific protocols ( Figure 1B) The mRS measurements were done at discharge and at 90 days after discharge. The number of patients with 90-day mRS is low because many expatriate patients return to their country of origin, which makes follow-up a challenge. The patients were classified as good (mRS ≤0-2) or poor (mRS 2-6) outcome. The outcome data are shown in Figures I-IV in the online-only Data Supplement. The hospital mortality was low in all groups of patients and reflecting the younger age of the patients and milder stroke types (mean National Institute of Health Stroke Scale score 4). It decreased nominally from 2.3% (preprotocol) to 1.1% in the SW and 2.0% in the general MW (Tables 2 and 3 ).
LOS in the Hospital
With the introduction of the stroke protocol, the LOS decreased significantly. It decreased from 14.7±27.7 days during January to March 2014 to 6.2±20.2 days (P=0.0001) for patients admitted between April 2014 and February 2015. Compared with admission on the SW, the LOS was significantly longer in patients admitted to the general MW (5.4±16.1 days versus 8.9±30.7 days, P=0.05). The improvement in outcome was best seen in patients with a hospital LOS of <4 days (short LOS). The percentage of patients with short LOS (≤4 days) improved after introduction of the stroke protocols, with significantly more patients being discharged early (63.9% versus 43.4%, P=0.001). This was nominally better in patients admitted to the SW compared with admission to the general MWs (65.2% versus 58.9%, P=0.157; Table 3 ).
Prioritized Investigations
There was a significant improvement in the ability to complete investigations faster after introduction of stroke protocol. The mean time needed to finish prioritized investigations showed significant improvement in postprotocol phase, improving mean 
Discussion
An essential aspect of inpatient acute stroke care relates to the prevention and management of medical complications. [17] [18] [19] [20] Previous studies have reported that a high number of patients hospitalized for stroke experience medical or neurological complications. [17] [18] [19] [20] [21] [22] [23] [24] Such complications may impede optimum rehabilitation and have been associated with increased mortality. Data regarding the causes of medical complications are sparse and inconclusive and require further study. [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] The introduction of stroke protocols and establishment of a SW in our hospital resulted in an immediate reduction in the in-hospital LOS and mortality. The reduced LOS was likely related to a combination of factors, including faster completion of investigations, early mobilization, and prevention of poststroke complications. An important observation was the significant differences in the rates of complications and the related differences in the LOS in patients admitted to the SW versus admission to the general MWs. This was despite the fact that the stroke protocols were offered to all stroke patients, and the multidisciplinary stroke team was involved in the care of both the groups of patients. We think that this most likely reflects the importance of a dedicated team of nurses with special training in management of patients with acute stroke.
Despite overwhelming evidence suggesting the benefits of admitting stroke patients to a designated SU, the majority of patients continue to be admitted to general medical or neurology wards. 1 The factors contributing to the decreased utilization of SU are difficult to understand. Perhaps the most important reason for the reluctance in setting up a designated SW is the belief that the care of stroke patients is no different than any other patients with neurological or medical disability requiring admission to hospital. Our experience strongly supports the importance of admitting patients with acute stroke to a designated SW. Such units are not difficult to set up. Unlike a cardiac care unit or an intensive care unit, no special equipment is required. The introduction of stroke-specific protocols and delivery of care by a multidisciplinary team can produce outcomes that were quickly evident in our study.
Although the specific mechanism by which SWs improve outcomes remains unclear, prevention of complication, early completion of investigations and initiation of appropriate preventative therapy, early mobilization, improved blood pressure management, and adherence to guidelines have been identified as some of the key components of better care. 25, 26 Standardization of care for all admitted patients in an SW is perhaps the most important factor responsible for the uniformly better prognosis in outcomes of admitted patients. 27 Pneumonia is a preventable complication associated with poor outcome and is thought to be responsible for a third of in-hospital deaths in stroke patients. 29 In our study, the introduction of a dysphagia management protocol early after admission likely accounted for the substantial reduction in rates of in-hospital pneumonia. 28 Similarly, education on avoidance on the unnecessary use of bladder catheterization and early mobilization was critical in the reduced rates of bladder infections and pressure sores.
There are a few reports of the beneficial effects from establishing SU from China, India, Thailand, Brazil, Turkey, South Africa, and Croatia. [35] [36] [37] [38] [39] [40] In most studies, there was a clear advantage and improvement in care of patients admitted to the SU when compared with admission to the MWs. Mortality was reduced in most studies [35] [36] [37] [38] [39] [40] [41] [42] [43] but not all. 39, 41 Most reported on admission to a geographically defined area and on establishment of multidisciplinary care teams. The number of patients entered into the studies was, however, not large, varying from 82 in the study from Mauritania to 754 in the study from Turkey. 41, 42 Our study with 871 patients is the largest report in most of comparison of the benefits of stroke care in a designated ward. We also carefully documented the risk of complications, LOS in hospital, and the 90-day prognosis in addition to the case fatality in patients admitted to the SW compared with those admitted to the general MW. Our study shows that although the establishment of a multidisciplinary team leads to improvement of stroke care, when compared with admission to the general MW, this was best evident when the patients were admitted to a geographically defined SW.
There are limitations to our study. Although the data were collected prospectively, it was not collected in real time. It was therefore not possible to detect deviations from the standardized protocols and offer immediate corrective remedies. We were unable to perform multivariate logistic regression and receiver operating characteristic curve because of missing observations of some variables in this retrospective analysis of the registry. Finally, this is a single-site study. There is significant variability between hospitals and healthcare systems. The extent to which these results generalize to other hospitals or geographic regions is unknown.
Conclusions
In conclusion, this study demonstrates the benefits of a SW care seen in a large tertiary hospital in Qatar. A core component of optimizing stroke care and reducing stroke costs globally is to increase the number of patients who receive care in SWs. This study suggests that establishment of SWs is relatively easy to achieve. In addition, our study shows that multidisciplinary care within the SW was associated with an immediate reduction in complications and improvement in long-term prognosis. 
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